Insulin is the most effective agent for lowering blood glucose. Although insulin therapy was once regarded as the "last straw" in a stepwise strategy, the current American Diabetes Association/European Association for the Study of Diabetes consensus statement recommends insulin therapy as part of a first-line combination regimen ([@B1]). However, long-term use of insulin is associated with hypoglycemia, weight gain, decreased patient adherence, and concerns about potential malignancy ([@B2]). During the past decade, many studies, including our own, have shown that short-term intensive treatment using continuous subcutaneous insulin infusion (CSII) in newly diagnosed patients with type 2 diabetes can substantially improve β-cell function by restoring part of the first-phase insulin secretion that results in long-term (\>1 year) glycemic drug-free remission ([@B3]--[@B6]). A recent report from one of our study centers also shows that short-term intensive CSII greatly restored insulin sensitivity. A marked decrease of insulin resistance to a level of normal glucose tolerance after intensive treatment to that of impaired glucose tolerance at 1-year follow-up was observed in remission subjects ([@B7]).

The benefits of short-term intensive CSII for achieving drug-free remission in newly diagnosed patients with type 2 diabetes have gained more recognition and have become more appealing in recent years. However, efficacy varies considerably among study centers or even among patients in the same center. Therefore, identifying factors that are associated with long-term drug-free remission is crucial. Diet and exercise are major elements of diabetes care that also affect glycemic control after suspension of intensive treatment. Thus, diabetes self-management might be the major determinant for maintaining drug-free glycemic remission. Furthermore, in clinical practice, patients will have varying degrees of cognition, social and economic status, and activation as well as different attitudes toward their disease. We hypothesized that all these factors might influence self-management of diabetes and, thus, long-term clinical outcomes. Therefore, we followed longitudinally all the newly diagnosed type 2 diabetic patients who had received short-term CSII treatment to evaluate potential contributors that may affect subsequent diabetes self-management and maintenance of long-term (\>1 year) drug-free glycemic remission.

RESEARCH DESIGN AND METHODS {#s2}
===========================

Patient inclusion/exclusion criteria have been described in detail previously ([@B3],[@B4]). In brief, newly diagnosed patients with type 2 diabetes were included if they were negative for urinary ketones and islet-cell antibodies and had never received antihyperglycemic therapy. Participants were aged between 25 and 70 years with a BMI of 21--35 kg/m^2^ and fasting plasma glucose (FPG) between 7.0 and 16.7 mmol/L. Patients were excluded if they had severe acute or chronic diabetes complications or intercurrent illnesses.

Rapid-acting insulin analogs (NovoRapid; Novo Nordisk, Bagsvaerd, Denmark; or HumaLog; Eli Lilly and Company, Indianapolis, IN) were administered with an insulin pump (MiniMed 712; Medtronic, Minneapolis, MN). Initial insulin doses were 0.5--0.6 IU/kg, with total daily doses divided 50/50 for basal and bolus infusion. Capillary blood glucose was monitored eight times per day (before and 2 h after each meal, bedtime, and 3 [a]{.smallcaps}.[m]{.smallcaps}.). Doses were titrated every day to achieve euglycemia within 3--5 days. Glycemic goals were capillary fasting blood glucose (FBG) \<6.0 mmol/L and 2-h postprandial blood glucose (PBG) \<8.0 mmol/L. CSII treatment was maintained for another 2 weeks and then suspended. Patients were discharged and then entered a follow-up period.

During hospitalization, all patients were invited to participate in a routine education program on diabetes self-management. This included advice on lifestyle, dietary counseling, physical exercise, self-monitoring of blood glucose (SMBG), the importance of controlling cholesterol and blood pressure, and prevention of acute and chronic complications. The study was approved by the medical research and ethics committee of the First Affiliated Hospital of Sun Yat-sen University, and written informed consent was obtained from each patient.

Follow-up procedure {#s3}
-------------------

Only patients achieving near-normoglycemic targets (FBG \<7 mmol/L, PBG \<10 mmol/L) after the suspension of short-term CSII and agreeing to be followed as outpatients were included in the study. They were scheduled for outpatient visits every month during the first 3 months and every 3 months thereafter.

During the follow-up period, patients were encouraged to record all SMBG results and maintain diet control and physical exercise as instructed. Whenever blood glucose exceeded an FBG \>7.0 mmol/L or PBG \>10.0 mmol/L, patients were asked to report for examination of venous plasma glucose, even if it was not a scheduled visit. Patients who maintained near-normoglycemic target for ≥12 months without medication were defined as being in remission. Those not meeting these criteria during the follow-up period, which was confirmed 1 week later with a repeated venous examination, were categorized as nonremission. Relapsed patients were treated with either oral hypoglycemic agents or insulin according to guidelines.

Measurements {#s4}
------------

Information about sociodemographic characteristics including age, sex, marital status, educational attainment, employment, insurance, and smoking status was obtained from all patients. During hospitalization, patients also completed the Diabetes Care Profile (DCP) questionnaire on attitudes toward diabetes. This was self-reported, with research nurses providing clarification as needed. Anthropometric and laboratory data, such as height, weight, FPG, 2-h postprandial plasma glucose (PPG), and HbA~1c~, as well as insulin and C-peptides during intravenous glucose tolerance test, were assessed before and after intensive CSII. β-Cell function was assessed using acute insulin response (AIR), which was calculated as the incremental trapezoidal area during the first 10 min of the intravenous glucose tolerance test. Homeostasis model assessment was used to estimate basal β-cell function (HOMA-B) and insulin resistance (HOMA-IR). All of these variables were assessed again at 3, 6, and 12 months after discharge.

The DCP questionnaire created by the University of Michigan Diabetes Research and Training Center is a well-recognized measure of social and psychological factors/outcomes related to diabetes treatment and self-management ([@B8]). It is suitable for both type 1 and type 2 diabetes ([@B9]) and also is valid and reliable in communities and hospitals. The Cronbach α of every subscale is \>0.60, with the highest being 0.95. The Chinese translation version has been validated with good convergent and discriminated validity and high internal consistency ([@B10]), with a Cronbach α of 0.88 in this sample. The original profile consisted of 16 subscales and 234 items covering attitudes toward diabetes, diet, exercise, monitoring, foot care, and medication. It usually takes ∼1 h for a patient to complete the whole questionnaire, and only the attitudes toward diabetes scales section was measured and investigated in this study. Patients were questioned about five aspects, including positive attitude, negative attitude, ability to care for their diabetes, belief in importance of care, and self-care adherence. Each statement included a 5-point ranking scale, ranging from strongly disagree (never) to strongly agree (always), with 3 points as neutral. Items under the subscales of positive attitude, care ability, importance of care, and self-care adherence scoring ≥4 points and items of negative attitude scoring ≤2 points were designated as good performance, whereas the opposites were poor.

Statistical analyses {#s5}
--------------------

The SPSS program for Windows, version 16.0, was used for data analysis. Continuous and normally distributed variables were described as means ± SD, whereas categorical variables were described as proportions. Independent Student *t* test for normally distributed variables and Kruskal-Wallis H test for nonnormally distributed variables were used to compare differences between groups. A χ^2^ test was used to analyze the differences among HbA~1c~ targeting rates. Changes over time in glycemic control, BMI, and DCP subscales in both groups were compared using repeated-measures ANCOVA with baseline values as covariates. Spearman rank correlation analysis was performed to investigate the correlation between attitudes toward diabetes and HbA~1c~ at each visit. Cox proportional hazards modeling with forward conditional variable entry (*P* \< 0.05) and removal (*P* \> 0.10) was used to determine independent predictors of long-term remission. A two-sided value of *P* \< 0.05 was considered statistically significant.

RESULTS {#s6}
=======

Between January 2008 and April 2011, 187 newly diagnosed patients with type 2 diabetes received short-term CSII treatment: 150 (80%) achieved near-normoglycemic targets after suspension of intensive treatment. A total of 20 patients relapsed within 1 month, whereas 12 dropped out because of migration to other provinces or refusal to follow-up and were excluded from further analyses. The remaining 118 patients were followed longitudinally and completed at least 12 months of follow-up. Remission for \>1 year was maintained by 65 patients. For those who relapsed, 50 received oral hypoglycemic agents and 3 were treated with insulin.

Characteristics of patients at baseline {#s7}
---------------------------------------

The demographic and clinical characteristics of the 118 patients grouped as remission versus nonremission before and after short-term CSII therapy are shown in [Table 1](#T1){ref-type="table"}. Significant reductions in HbA~1c~, FPG, PPG, and HOMA-IR were achieved in both groups after intensive treatment. AIR and HOMA-B increased markedly in both groups after short-term CSII. No significant differences in age, sex, marital status, employment, insurance, or smoking status were found between the two groups. BMI, HbA~1c~, and HOMA-B before and after short-term CSII were also similar in both groups. HOMA-IR in the remission group was higher, with marginal significance before treatment, but was not different from that of the nonremission group after CSII was suspended. However, after short-term CSII, significantly lower FPG and PPG levels as well as better AIR were found in the remission group; this group also had higher educational attainment ([Table 1](#T1){ref-type="table"}).

###### 

Clinical characteristics in remission and nonremission groups
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Changes in glycemic control and BMI {#s8}
-----------------------------------

As shown in [Fig. 1*A*](#F1){ref-type="fig"}, a dramatic decline in HbA~1c~ occurred in both groups within the first 3 months. The level was stable during the following 9 months in the remission group, whereas a gradual ascending trend occurred in the nonremission group. Differences between the two groups were significant at follow-up visits after the 3rd month. [Figure 1*B*](#F1){ref-type="fig"} shows that FPG levels after treatment in the remission group remained stable during the whole study period, whereas a steady increase occurred in the nonremission group. In a similar manner, elevation of PPG over time was observed in the nonremission group, although it remained stable in the remission group ([Fig. 1*C*](#F1){ref-type="fig"}). Changes from baseline were significantly different between the two groups. [Figure 1*D*](#F1){ref-type="fig"} shows the proportion of patients with HbA~1c~ level ≤6.5 or ≤7.0% at each visit; the percentages of patients achieving the two HbA~1c~ targets at 3, 6, and 12 months were significantly higher in the remission group.

###### 

Glycemic control, BMI, and attitudes toward diabetes during follow-up in remission (black circle) vs. nonremission (gray square) group. *A*: Changes in HbA~1c~. *B*: Changes in FPG. *C*: Changes in PPG. *D*: Percentages of patients achieving HbA~1c~ targets ≤6.5 and ≤7.0%, respectively, in remission (black bar) vs. nonremission (white bar) group. *E*: Changes in BMI. *F*: Changes in mean scores of positive attitude. *G*: Changes in mean scores of negative attitude. *H*: Changes in mean scores of care ability. *I*: Changes in mean scores of importance of care. *J*: Changes in mean scores of self-care adherence. \**P* \< 0.05, \*\**P* \< 0.01 remission vs. nonremission group. †*P* \< 0.05, ††*P* \< 0.01 changes from baseline survey or glycemic level after short-term CSII, remission vs. nonremission group.
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A small reduction in BMI occurred in the remission group within the first 3 months, followed by a stable maintenance; in contrast, nonremission patients gained weight during follow-up. Changes from baseline were significantly different between the two groups ([Fig. 1*E*](#F1){ref-type="fig"}).

Attitudes toward diabetes {#s9}
-------------------------

Mean scores between the two groups about patients' attitudes toward diabetes, including positive attitude, negative attitude, care ability, importance of care, and self-care adherence, are shown in [Fig. 1 *E*--*J*](#F1){ref-type="fig"}. For subscales of positive attitude, care ability, importance of care, and self-care adherence, significantly higher mean baseline scores were found in the remission group, whereas the nonremission group had more points for negative attitude. When compared with baseline, gradually decreasing trends were found in positive attitude, care ability, importance of care, and self-care adherence in the nonremission group, whereas these were stable or even improved in the remission group. Mean scores of negative attitude were consistently higher in the nonremission group but decreased significantly over time in the remission group.

The attitudes toward diabetes differed significantly between the two groups at the very beginning, and the differences remained, although varying, throughout the follow-up period. For example, for one item under the subscale of positive attitude listed as "Diabetes doesn't affect my life at all," 78.5% of patients in the remission group at baseline survey believed so, and this rose to 89.2, 92.6, and 87.7%, respectively, at the 3-, 6-, and 12-month follow-up visits, whereas 39.6% of patients in the nonremission group at baseline survey agreed, but the percentage decreased to only 11.1% by the 12th month. Similar changes were observed in importance of care, care ability, and self-care adherence. On the aspect of negative attitude, 12.3% of the remission patients at baseline survey felt that "I'm not as good as others because of my diabetes," but the percentage fell to only 6.2% at the end visit, whereas the corresponding percentages in nonremission patients were 52.8 and 66.7%, respectively.

Relationship between HbA~1c~ and attitudes toward diabetes {#s10}
----------------------------------------------------------

The relationships between HbA~1c~ at every visit and attitudes toward diabetes were unadjusted for patients' sociodemographic characteristics, including age, sex, marital status, educational attainment, employment, insurance, and smoking status, as well as laboratory data such as FPG, PPG, AIR, HOMA-B, and HOMA-IR. The attitudes toward diabetes at baseline did not correlate with HbA~1c~ after CSII. However, HbA~1c~ values were negatively correlated to positive attitude, care ability, importance of care, and self-care adherence at each follow-up visit (*r* = −0.44 to −0.65, *P* \< 0.01), whereas they were positively correlated with negative attitude (*r* = 0.40 to 0.68, *P* \< 0.01). When the analysis model was adjusted for all the above factors, the relationship remained significant (*P* \< 0.05). This indicated that higher scores for positive attitude, care ability, importance of care, and self-care adherence and lower scores for negative attitude were associated with lower HbA~1c~ levels ([Table 2](#T2){ref-type="table"}).
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Relationship between HbA~1c~ and attitudes toward diabetes categorized by visits\*
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Baseline characteristics predictive of long-term remission {#s11}
----------------------------------------------------------

Univariate analysis of baseline characteristics identified that all the variables with a *P* value \<0.2 were significant determinants for long-term remission. These included educational attainment; nonsmoker; lower FPG, PPG, and HbA~1c~; greater AIR after CSII; and all five aspects of attitudes toward diabetes. Multivariate Cox proportional hazards modeling showed that every 1-point increment achieved in self-care adherence decreased risk of relapse by 81.6%. Furthermore, HOMA-IR at baseline increased per 1.0 reduced the risk of relapse by 14.6% with borderline significance, and every 1 mmol/L increment of PPG after CSII increased relapse risk by 15.6% ([Table 3](#T3){ref-type="table"}).
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Independent baseline predictors of long-term remission in multivariate Cox proportional hazards modeling
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CONCLUSIONS {#s12}
===========

As shown previously ([@B3]--[@B7]), short-term intensive CSII was very effective for improving glycemic control, β-cell function, and insulin sensitivity, resulting in drug-free remission in patients with newly diagnosed type 2 diabetes. Our results indicate that patients with higher educational attainment, better glycemic control, and greater restoration of AIR after short-term CSII were more likely to maintain long-term remission. Investigation of individual attitudes toward diabetes showed that patients reporting increased positive attitude, greater belief in importance of care, better care ability, and self-care adherence maintained better and prolonged glycemic control. Correlation analysis also showed that positive attitude, importance of care, care ability, and self-care adherence were negatively correlated to HbA~1c~ levels, whereas negative attitude was positively correlated to HbA~1c~ levels. Self-care adherence and higher HOMA-IR before treatment were independent predictors for remaining in remission, and higher PPG after CSII was a risk factor for relapse.

Analysis of baseline characteristics provided some information as to which patients might benefit. Except for restoration of AIR after intensive treatment, which was also an indicator of improved β-cell function, other factors, including educational attainment, attitudes toward diabetes, and glycemic control after intensive treatment, were closely while indirectly related to each other, with diabetes self-management as the cord or bridge linking these factors. The Kidney Early Evaluation Program (KEEP), a recent large-scale observational cohort study, reported that higher educational attainment was independently associated with a lower prevalence of chronic diseases (including diabetes) and short-term mortality in all age and race/ethnic groups ([@B11]). Type 2 diabetes is a lifelong disease during which patients implement most of their own clinician-directed care. Diabetes self-management is physically and emotionally demanding and requires comprehensive knowledge and skills. Patients with more knowledge are more likely to be capable of and confident about managing their own healthcare and, thus, might have a more positive attitude, all of which can favor a better outcome. Likewise, patients with a positive attitude are usually more active and engaged in diabetes education and lifestyle intervention. In contrast, those with inadequate literacy may be less prepared and poorly supported; they may also find their diabetes self-care regimen overwhelming, thus leading to poorer glycemic control and clinical outcomes ([@B12]). Several studies support this view. In Chinese patients with type 2 diabetes living in urban community settings, Zhong et al. ([@B13]) found that best performances in self-management were achieved in those with a high degree of positive attitudes toward diabetes. In Jordanian patients with type 2 diabetes, a negative attitude toward diabetes and nonadherence to diabetes self-management behaviors were significantly associated with increased odds for poor glycemic control ([@B14]). Moreover, various independent studies indicate that patients with diabetes and depression (or in a depressive state) had poorer diabetes self-care and felt that they had less control over their disease ([@B15]--[@B17]). The clinical significance of assessing attitudes toward diabetes before implementing treatment may identify and predict patients who might be more likely to benefit from short-term intensive CSII as well as other treatments. This needs to be investigated in larger prospective studies.

The impact of attitudes toward diabetes on long-term remission not only manifested from the very beginning but also remained, with some variation, in both groups throughout the follow-up period. The effect stabilized or even optimized in the remission group but worsened over time with the increment of glycemic level in the nonremission group. Various cross-sectional and prospective studies evaluate the relationship between diabetes self-efficacy and glycemic control ([@B18]--[@B22]). Hibbard et al. ([@B18]) evaluated psychometric activation in chronic diseases, including diabetes, and found that the activation to disease was changeable, with a positive change being associated with benefits in self-management behaviors as well as clinical outcomes, including glycemic control. In a study of Croatian patients, Skocić et al. ([@B19]) suggested that psychopathological symptoms or stress contributed to poor glycemic control, whereas poor glycemic control increased psychological dysfunctions, or that both poor glycemic control and psychopathology occurred as a result of a third unknown underlying mechanism. A Japanese prospective study also shows that current glycemic control was important for psychological well-being and that psychosocial factors influenced future glycemic control independently of current glycemic control ([@B20]). Thus, from this perspective, short-term intensive treatment in newly diagnosed type 2 diabetic patients with greater self-efficacy not only results in immediate good glycemic control but also improves psychological well-being, both of which are favorable for a better clinical outcome. Therefore, for patients with suboptimal attitudes toward diabetes, the need for constant motivation and one-on-one level education at frequent intervals to ensure better adherence to intervention should be stressed.

Cox proportional hazards modeling showed that patients with higher self-care adherence were more likely to maintain long-term remission. Previous studies conclude that diabetes self-efficacy is the only factor that directly reinforces adherence and that adherence has a direct positive association with good glycemic control ([@B20]). Other studies show that better adherence to self-care regimens could reduce mortality and disability, improve quality of life, and reduce health care costs ([@B21]). Adherence to SMBG, one of the major contents of diabetes self-management, was significantly different as observed in the two groups in our study. More patients in the remission group reported SMBG at the 6th (73.8 vs. 45.3%, *P* \< 0.001) and 12th month (63.1 vs. 30.2%, *P* \< 0.001) as compared with the nonremission group, though the percentages were similar at baseline and the 3rd month. A study in adolescents with type 1 diabetes shows that lower frequency of blood glucose monitoring is associated with higher HbA~1c~, and that 38% of the link between depression and HbA~1c~ level could be explained by blood glucose monitoring ([@B23]). In our study, those with higher PPG after short-term CSII were more likely to relapse sooner. Changes in PPG after CSII appear to be a sensitive marker that reflected the efficacy of short-term intensive treatment. The higher HOMA-IR before treatment being a protective factor is consistent with preliminary results from an ongoing study using combination therapies with CSII (A.C., Z.H., X.W., W.D., J.W., L.L., Q.C., H.X., and Y.L, unpublished data). On the basis of the results of these collective studies, we found that patients with newly diagnosed type 2 diabetes with more severe insulin resistance were usually those with higher BMI and better compensational insulin secretion. Therefore, they might also have a larger capacity for improvement of insulin sensitivity through intensive insulin treatment along with exercise and weight reduction. Further study is needed to address this hypothesis.

Limitations of our study include a small study cohort and use of a brief questionnaire. A much larger study with a more comprehensive patient reported--outcomes instrument may enable more definitive correlations to be identified. In addition, self-management behaviors, including adherence to diet, exercise, and SMBG frequencies, should be included in future studies. Furthermore, clinician attitudes, beliefs, and communication skills that can influence patients' perception and attitudes toward diabetes ([@B24],[@B25]) were not investigated but should be assessed in future studies.

Despite some limitations, we conclude that patient attitude toward diabetes affects the potential to remain in remission after short-term CSII. Furthermore, responses in PPG, AIR, and HOMA-IR also predicted positive outcomes. Our findings on positive attitude are consistent with studies on long-term self-management and adherence in patients requiring ongoing antidiabetes pharmacotherapy. Therefore, clinicians should continually assess attitude and motivate patients to adhere to the core components of diabetes care and self-management. This should be done in association with monitoring of PPG and HOMA indices of β-cell function in addition to standard measures of glycemic control when implementing intensive antidiabetes regimens. Patients achieving remission should also be seen at regular intervals to minimize risk of relapse.
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